Children frequently sustain head trauma. More than 400,000 children under the age of 14 years present to emergency departments (ED) with head trauma each year [1, 2] . Young children under the age of 4 years have considerable morbidity from head trauma, as this age group has a prevalence of traumatic brain injury (TBI) that is more than twice the rate of the general population and nearly twice the rate of older children [2] . Head trauma from child abuse causes considerable morbidity and mortality in children younger than 2 years of age and is the most common cause of traumatic death in children under 1 year of age [3••] . The practitioner faces two issues when evaluating children with head trauma: First, which patients are at risk, based on their history and physical examination, for significant injury requiring diagnostic imaging and possible surgical intervention? Second, in which children should one suspect that the head injury is from child abuse?
Evaluation of young children with accidental head trauma
Children under 2 years of age have been thought to be at high risk for significant intracranial injury (ICI) after accidental head trauma [4] . Earlier studies often did not have enough data in the youngest age groups to recommend anything except a very cautious approach to evaluating head trauma in children under 2 years of age [5, 6] . A recent study by Greenes found an overall rate of ICI of 5% in children less than 2 years of age, but infants under 2 months of age had a prevalence of ICI of 12% [7] . Thus, it can be inferred that diagnostic imaging should be strongly considered for children under age 2 years who sustain accidental head trauma. Such a practice would expose children to a substantial amount of radiation and would likely require some children to be sedated to obtain the imaging studies. Sedation is itself a cause of significant complications when obtaining diagnostic imaging [8] [9] [10] [11] . These complications include oxygen desaturation, need for airway management, inadequate sedation, oversedation, and failed procedures [8] . Guidelines have been proposed to reduce the risk of sedation, but they do not eliminate the risk altogether [12] . Resource utilization of universal diagnostic imaging of very young children with closed head injury would be substantial.
Several studies have tried to determine risk factors to predict which children with accidental head injury are likely to have ICI [7, [13] [14] [15] [16] [17] . Quayle et al., in a prospective cohort trial, looked for predictive factors for ICI in all children presenting to the ED with head trauma. Most of the children were examined with both skull radiographs and head computed tomography (CT). Predictive signs and symptoms of intracranial injury included altered mental status, focal neurologic deficits, signs of basilar skull fracture, loss of consciousness longer than 5 minutes, and skull fracture. Headache, dizziness, vomiting, amnesia, brief loss of consciousness, scalp abrasions, contusions, or hematomas were not found to be predictors of intracranial injury [13] .
As very young children are thought to be at higher risk of ICI after accidental head trauma, several investigators have chosen to study children under 2 years of age with head injury. Duhaime et al. found that accidental head injury caused by falls from low heights are almost always benign and injury caused by motor vehicle accidents and falls from extreme heights were more likely to cause ICI requiring hospital admission [17] . Shane and Fuchs reported on 102 infants younger than 13 months of age with skull fractures. Of the 102 patients, 15 were found to have ICI. They found that lethargy before presentation or in the ED and patients with parietal fractures were more likely to have ICI [18] .
Greenes and Schutzman and Gruskin and Schutzman evaluated infants younger than 1 year of age who presented to the ED with accidental head trauma [7, 14] . The prevalence of intracranial injury was 12% in those aged 0 to 2 months, 6% in those 3 to 11 months, and 2% in infants over 12 months of age. A significant scalp hematoma was strongly associated with ICI. Lethargy, irritability, full or bulging fontanel, and vital signs suggestive of increased intracranial pressure were all associated with ICI, whereas vomiting and loss of consciousness were not [7] . Children who fell from a greater height were more likely to have complications, but a number of patients had skull fractures or ICI with falls of less than 3 feet. Children without a history of neurologic symptoms and a normal scalp examination were identified as a low risk group [14] .
Finally, Greenes and Schutzman evaluated children less than 2 years of age, who sustained accidental head trauma, but had no neurologic signs or symptoms. The size of the scalp hematomas, location of scalp hematomas (parietal and temporal), and age less than 3 months were each associated with skull fractures. They also found that skull fracture, large hematomas, and parietal location were associated with ICI [15] .
An expert panel used these and other studies to develop a set of guidelines for the evaluation of children younger than 2 years of age with minor head trauma. Among the guiding principles they recommended the following: The younger the child, the lower the threshold should be for diagnostic imaging, with children under 12 months being at higher risk and children under 3 months being at the highest risk. The number of signs and symptoms should be considered when deciding to obtain diagnostic imaging studies. Mechanism of injury, including height of the fall, density of the impact surface, and injury in a motor vehicle crash, should be considered. They stratified children using clinical features, including depressed mental status, focal neurologic findings, signs of basilar skull fracture, seizure, irritability, skull fracture, repeated vomiting, loss of consciousness, and other features into four risk categories. The categories may be useful in determining need for imaging, period of observation, and disposition. It is interesting to note that the panel included seizure, vomiting, and loss of consciousness despite lack of available data to support these findings as independent predictors of ICI. These proposed guidelines should be consulted for further detail [19••] . Despite these recommendations, evidence suggests that the youngest age group is more likely to have ICI with no neurologic findings [7, 13, 20] .
Abusive head trauma
As mentioned, medical practitioners must sometimes consider that a child's head injury may be caused by child abuse. Fatal inflicted head trauma, the most common cause of traumatic death in infancy, causes most deaths from child abuse
Unlike accidental injuries, the biomechanical forces causing these abusive head injuries have only recently been postulated. In 1972 Caffey described the "whiplash shaken infant syndrome," which suggested that the subdural hemorrhage and retinal hemorrhage were caused by rotational deceleration forces to the head from repetitive violent shaking [22••] . Such forces cause the dura to slide along the surface of the brain, rupturing the vessels in the subdural space. Similarly, the vitreous humor slides along the surface of the retina, disrupting the vessels between the layers of the retina, resulting in diffuse retinal hemorrhages [23••] .
Disagreement exists to whether shaking alone or shaking and impact causes this spectrum of injuries. Duhaime et al. constructed a biomechanical infant model and demonstrated that the forces necessary to cause concussion and subdural hemorrhage were generated only when this model was shaken and impacted on a fixed, hard surface [24••]. These authors suggested that such impact injury to the head may only be recognized when the scalp is shaved or the galea exposed at surgery [3••]. Other investigators have suggested that shaking alone generates the force necessary to cause these injuries. Gilliland and Folberg reviewed the autopsies of children who died from abusive head trauma and found that 9% did not have any focal injury to the scalp, skull, or dura [25] .
Caregivers who inflict these injuries are sometimes unaware that they caused injury. Children are often shaken because of a caregiver's unrealistic expectations or as a disproportionate response to frustration. Perpetrators who injure children in this manner are most likely to be, in descending order, fathers, male paramours, female babysitters, and mothers [26] . The highest incidence is in children under 6 months of age because of their proportionally larger head, weak neck muscles, and poor head control, although varying degrees of injury can be seen in children up to 2 years of age [3••].
The histories provided by perpetrators may be vague, such as "I found him like this when he awoke from a nap." Suggestion may be made to a remote, poorly defined event, such as "He may have fallen off the couch yesterday" or to a minor fall, such as "He fell and hit his head on the ground." Much literature supports the concept that household falls or falls down stairs rarely result in life-threatening brain injury except if a spaceoccupying lesion (eg, an epidural or large intracranial hemorrhage) is present [27-28,29••].
Abusive head trauma can present with a wide spectrum of symptoms and signs. Children with milder injuries may have only irritability, vomiting, poor feeding, or sleepiness, and thus may be thought to have other common illnesses (eg, gastroenteritis). Such an observation was supported by a study by Jenny et al. [30] , who found that 31% of cases of abusive head trauma had a medical evaluation shortly after sustaining inflicted head trauma, but the clinician failed to recognize that the child had been injured in this manner. Children who were most likely to have the diagnosis of abusive head trauma "missed" were young (<6 months of age), white infants who came from families where both parents lived in the home [30] . Many of these children had milder symptoms, such as irritability and vomiting. Children with severe injuries often present with more ominous symptoms and signs (eg, apnea, unresponsiveness, seizures, or cardiopulmonary arrest) and, thus, may be more readily recognized as having abusive head trauma.
On physical examination, signs of trauma to the head, neck, or chest may not be obvious. Scalp contusions may only be seen when the scalp is exposed during craniotomy [3••]. Focal neurologic signs (eg, hypertonicity or flaccidity, gaze palsies, or unequal pupils) may be seen. The child may be irritable or unresponsive to pain. Focal or generalized seizures may be apparent. Cardiopulmonary arrest can be caused by significant brain injury, either from direct deceleration injury to the brainstem and upper cervical cord or from subsequent hypoxia and ischemia from cerebral edema [3••].
Retinal hemorrhages are present in 60% to 95% of patients with abusive head trauma, and may only be appre- Computed tomography scanning is the most rapid, reliable tool to diagnose abusive head trauma. Acute subdural and subarachnoid hemorrhage, the most common brain injuries seen in children with abusive head trauma, can be readily appreciated on CT by experienced clinicians. Typically, a subdural hemorrhage can be thin and extensive, but occasionally be large enough to cause mass effect [32] . A propensity is seen for subdural hemorrhage to involve the interhemispheric fissure, but also can involve the convexities; it can be unilateral or bilateral [24••,32]. Subarachnoid hemorrhages are usually multifocal and can be most often seen along the falx or the tentorium [33] . Skull fractures can also be detected by CT scan and are most often linear, but can be stellate or diastatic as well.
Children with severe deceleration injury to the brain may have evidence of diffuse cerebral edema and diffuse axonal injury. This can appear as a reversal of the differentiation between the gray and white matter, also known as the "reversal sign" [34] . The gray matter will appear less dense than the deeper gray matter structures of the basal ganglia and brainstem and the white matter. Acute, punctate hemorrhage may be present along the gray white matter junction of the gyri, the corpus callosum or the basal ganglia [34] .
Magnetic resonance imaging (MRI) can be useful to detect small extraaxial fluid collections not appreciated on CT scans, diffuse axonal injury, and to narrow the window of time in which the injury occurred [34] . MRI can be difficult to obtain in children requiring mechanical ventilation and inotropic support and should be considered as an adjunct to CT scans.
Other hallmarks of shaking injury include posterior and anterolateral rib fractures and metaphyseal fractures. Such fractures may not have tenderness, edema, or crepitus, and no loss of function seen of the involved extremity. These injuries may not be detected on plain radiographs on initial presentation to the ED, and may only be detected with skeletal scintigraphy, which can be difficult to obtain in children who have significant brain injury. Plain radiography obtained within 10 days of initial presentation may be the only modality to demonstrate these fractures in this group of patients [18] . Occult skel-etal trauma caused by child abuse is most often seen in children less than 2 years of age; in this age group, a skeletal radiographic survey has the greatest yield in detecting such trauma. Guidelines to what comprises a properly executed radiographic skeletal survey have been recently published [35] . When these fractures are present with the previously described central nevous system and retinal findings, this constellation of injuries is pathognomic for abusive head trauma.
Closed head trauma that may be confused with abusive head trauma
Some children who have contact injuries to the head, either from short vertical falls or blows to the head, can sustain epidural hemorrhage, subdural hemorrhage, or cerebral contusion. When a contact injury to the head occurs, the point of impact causes the inner table of the skull to bend inward, putting it under compression, which can injure blood vessels within the epidural or subdural space, as well as the parenchyma of the brain itself [36••] . These focal injuries can be accompanied by a skull fracture as well. At the same time of this inbending of the skull, simultaneous outbending of the skull occurs around the site of impact [36••] . This puts the outer table of the skull under tension, and a skull fracture can result, either proximate to or remote from the site of impact. As the skulls of infants are somewhat more elastic, the tension on the outer table of the skull as it bends outward from an impact site does not always result in a fracture [36••] . These children do not present with significant alterations in mental status, unless the epidural hemorrhage or subdural hemorrhage is large enough to cause mass effect [36••] . In contrast with children with abusive head injury, the outcome of children with subdural hemorrhage from impact is typically good, as most often the hemorrhage is not extensive and spontaneously resolves within 48 hours after injury, with little neurologic sequelae [37] .
Retinal hemorrhage can be seen in head injuries caused by accidental mechanisms. One case series documented three cases of accidental falls and found that retinal hemorrhages were present on the same side as the subdural hemorrhage [38] . The retinal hemorrhages were isolated to the posterior pole of the retina, did not cover a significant surface area of the retina, did not extend to the periphery, and were not accompanied by retinal folds or detachment. Similarly, Schloff et al. hypothesized that up to 8% of children with intracranial hemorrhage had associated retinal hemorrhage [39] .
Outcome
Outcome of head injury differs for accidental and abusive head injury. Long-term outcome of survivors of inflicted injury is poor and depends on the severity of symptoms on initial presentation [40] [41] [42] . Children who present with apnea, seizures, and coma are more likely to have developmental delay, seizures, and static encephalopathy. The overall mortality rate can be as high as 25% [40] . In contrast with abused children, the case fatality rate has been reported to be very low in mild or moderate accidental head injury [36••] . Significant disability was reported in less than 1% of patients discharged with a diagnosis of concussion [35] . In a study by Emerson et al., none of the children who were found to have occult ICI (without identifying symptoms or signs) required surgery or had abnormal neurologic examinations at the time of discharge [43] . Modified Glasgow coma score, number of intracranial lesions visualized on CT or MRI, and duration of impaired level of consciousness are predictive of cognitive outcome in children with accidental head injury [44] .
Recommendations
Children under 2 years of age with a history of head trauma and a significant scalp hematoma or alteration in mental status should have a CT scan of the head. If the CT scan demonstrates no acute brain injury and the family and social history raise no previous concerns of abuse or neglect, the injury can be presumed to be accidental. If the CT scan of the head shows an underlying brain injury, the child should be hospitalized. During this hospitalization, a thorough ophthalmoscopic examination and skeletal radiographic survey should also be done. Retinal hemorrhages that are multiple and extend to the periphery of the retina and associated with retinal folding, retinal detachment, or retinoschisis are highly suggestive of abusive injury [3••,23••]. If occult fractures or older brain injury is present without a reasonable history of trauma, child abuse should be suspected and a report to child protective services should then be made. If retinal hemorrhages are unilateral and few, this may be consistent with accidental head injury, particularly if a reasonable history exists of a accidental fall, and provided that no other occult injuries or history of familial discord or domestic violence exist. 
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